is one of the major extraintestinal manifestations of IBD that is associated with substantial mortality. Although the most common location for thrombus formation is within the deep veins of the leg, other reported sites include cerebral, hepatic, and mesenteric vessels. 2 Previous studies have demonstrated that patients with IBD are at a higher risk for VTE than the average population. [3] [4] [5] [6] They have a 1.5-to 3.5-fold increased risk of VTE with an associated 2.5-fold increased risk of mortality. 7 Factors including increased age, IBD type (Crohn's disease (CD) vs chronic ulcerative colitis (UC)), inpatient vs ambulatory status, and active disease vs clinical remission have all been implicated. Although this increased risk is well established in medical IBD patients, 8 less data are available for IBD patients undergoing colorectal surgery.
Currently, there are no standardized guidelines for VTE prophylaxis in IBD patients. Although early ambulation and mechanical prophylaxis (eg, sequential compression devices or graduated compression stockings) are the standard of care, the incidence of postoperative VTE in IBD patients remains high enough to warrant further study. Identification of modifiable pre-and perioperative risk factors, in addition to improved prophylactic strategies, may minimize this risk. The purpose of this study was to define the incidence of postoperative VTE in a large cohort of IBD patients who have undergone colorectal surgery. In addition, we sought to identify specific potentially modifiable perioperative risk factors associated with VTE in this high-risk population to aid in identifying processes of care to reduce the incidence of VTE, and thus improve outcomes in postoperative IBD patients.
METHODS NSQIP Dataset and Study Population
The American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) is a multiinstitutional cohort study of patients undergoing surgery within participating hospitals. 9 Data are recorded on preoperative, operative, and postoperative outcomes for 30-days after the index procedure. Participant hospitals are then provided risk-adjusted outcomes for quality improvement purposes. Data abstraction methods and variable definitions are available from the ACS NSQIP Web site. Patients who underwent any operative procedure with the primary International Classification of Diseases, Ninth Revision diagnosis codes of CD (555.X) and UC (556.X) were identified by using the ACS NSQIP Participant Use File for 2005 to 2010. The initial cohort of IBD patients was then limited to those who underwent small-bowel or colon surgery (Current Procedural Terminology (CPT) codes 44000-44999), rectal surgery (CPT codes 45000-45999), or anorectal surgery (CPT codes 46000-46999), all other patients were excluded.
Main Outcome Measures: DVT, PE, and VTE
Our end points for analysis were postoperative DVT, PE, and overall VTE. Deep vein thrombosis is currently defined within ACS NSQIP as the "identification of a new blood clot or thrombus within the venous system, which may be coupled with inflammation within 30 days of the operation. This diagnosis is confirmed by a duplex (ultrasound), venogram or CT scan. The patient must be treated with anticoagulation therapy or placement of a vena cava filter or clipping of the vena cava." 10 Pulmonary embolism is defined as "lodging of a blood clot in a pulmonary artery with subsequent obstruction of blood supply to the lung parenchyma. PE [is] documented if the patient has a V-Q scan interpreted as high probability of pulmonary embolism or a positive CT spiral exam, pulmonary arteriogram or CT angiogram." VTE is defined as the presence of DVT and/or PE during the postoperative period.
Statistical Analysis
First, univariate relationships between preoperative, operative, and postoperative variables and the development of VTE were compared by using χ2 for categorical variables with Fisher exact correction as indicated, and 2-sample t tests for continuous variables. Variables of clinical significance and those with a p value of <0.2 by univariate analysis were included in a backward stepwise multiple logistic regression to identify significant predictors for VTE. Nonsignificant (p > 0.05) variables were removed from the multivariate model by using the likelihood ratio test to verify that they did not contribute significantly to the predictive model. Discrimination and calibration of the final predictive model were assessed by examining the receiver operator area under the curve and the Hosmer-Lemeshow goodness-of-fit tests. Probability values of <0.05 were considered significant. All analysis was performed with STATA Release 12 (STATA Corp, College Station, TX).
RESULTS

Rate of Thromboembolic Complications
Within ACS NSQIP 2006 to 2010, we identified 10,431 IBD patients (5001 with UC and 5430 with CD) who underwent surgery during the study period. In these patients, within 30 days, 242 VTE developed in 224 patients (178 patients with isolated DVT or thrombophlebitis, 46 with isolated PE, and 18 patients with both DVT and PE). The diagnosis of DVT and PE each occurred on average 10.8 days after surgery.
Baseline Characteristics
Patients with IBD who had VTE were, on average, 3 years older than those without DVT, but they had similar gender and BMI. VTE occurred with a higher frequency in patients with UC than in those with CD (3.3% vs 1.4%, p < 0.001). Other baseline patient characteristics are summarized in Table 1 . Those with VTE were more likely to have hypertension, reduced preoperative functional status, chronic steroid use, bleeding disorder, recent transfusion, anemia, and malnutrition (all significant, p < 0.05). Anemia was defined as a hematocrit <37%, which was the median hematocrit value in our dataset. Malnutrition was defined as >10% loss in body weight over the previous 6 months or albumin <3.5 g/dL.
In terms of operative characteristics (summarized in Table 2 ), emergency surgery and prolonged anesthesia time were significantly associated with the occurrence of postoperative VTE (p < 0.01). Emergency surgeries include any case in which the surgeon and anesthesiologist report the case as emergent and that occurs no later than 12 hours after the patient has been admitted to the hospital or after the onset of related preoperative symptomatology. Anesthesia time (in minutes) was converted to a categorical variable, with a prolonged anesthesia time defined as any time greater than the median anesthesia time of 231 minutes. Table 2 also demonstrates the association between several postoperative characteristics and the occurrence of VTE. For example, patients with thromboembolism had longer length of stay (18.8 vs 8.9 days, p < 0.001) and a higher risk of death at 30 days (4% vs 0.9%, <0.001) relative to those patients without VTE. Furthermore, as shown in Figure 1 , patients experiencing VTE were significantly more likely to have a variety of concomitant postoperative complications, such as myocardial infarction, renal failure, pneumonia, and infection (including superficial surgical site infection, urinary tract infection, and sepsis).
Predictors of VTE
On stepwise multivariate analysis ( 
DISCUSSION
As in other recent studies, 11 we observed an elevated risk of VTE in a large national sample of patients with IBD More than 4 units packed red blood cells in 72 hours before surgery. c More than 10% loss in body weight over the previous 6 months or albumin <3.5. who had undergone colorectal procedures. This effect was particularly strong in those with chronic UC. Furthermore, we identified several potentially modifiable risk factors associated with the development of VTE including chronic steroid use, low hematocrit, and prolonged anesthesia time. Last, we found that IBD patients who developed VTE have worse postoperative outcomes including significantly longer length of stay, more complications, and a higher rate of death. Despite wide recognition in the medical literature that IBD patients are at increased risk for VTE, specific guidelines for preventative measures in this patient population do not exist. In the next several paragraphs we will review strategies specific to this population as suggested by our findings.
Preoperative Steroid Use
Steroid therapy has been regarded as a prothrombotic factor in patients undergoing colorectal surgery, in general, and in IBD patients, in particular. 4, 12, 13 The results of our study support this notion with nearly 60% of VTEs occurring in patients on chronic steroids. It is arguable that it is not the specific use of chronic steroids that increases VTE risk in IBD patients, but rather that chronic steroid use is a surrogate marker for things such as aggressive disease activity, and therefore a more robust proinflammatory/ prothrombotic state, or bed rest and relative immobility due to pain or disease activity (eg, abdominal pain or 20 diarrheal stools per day may prohibit a patient from having an active lifestyle). Regardless, chronic and high-dose steroid use may lead to several specific VTE prevention strategies, including aggressive weaning of steroids preoperatively (not always possible because of disease activity), consideration of altering the magnitude of the operation (eg, performing 3-stage instead of 2-stage IPAA), 14 and awareness that IBD patients on steroids are at even greater risk of VTE.
Anemia
About one-third of patients with IBD experience anemia, most often caused by a combination of the anemia of chronic disease and iron deficiency. 15 These forms of anemia are often accompanied by thrombocytosis, which can contribute to VTE. The relative importance of chronic iron deficiency and resultant thrombocytosis may be underestimated. A recent study demonstrated that iron therapy in patients with IBD-associated anemia normalizes thrombocytosis, thus decreasing the risk of thrombosis. 15 In our VTE subgroup, 62% of patients had a preoperative hematocrit <37%, whereas only 2% had recently received a transfusion. This suggests that more aggressive correction of anemia preoperatively, ideally with iron and nutritional supplementation, may be indicated in this population. An alternative explanation is that providers are withholding VTE prophylaxis because of a patient's anemic state. Unfortunately, we do not have access to data that would allow us to investigate this possibility, but it remains an important consideration and we would caution against withholding VTE prophylaxis strictly because of anemia, given our results.
Anesthesia Time
Our regression model suggested that prolonged anesthesia time, but not prolonged operative time, may influence VTE rates. Multiple proposed mechanisms include longer femoral venous stasis, more endothelial trauma, additional bleeding and hypovolemia, and deoxygenation of venous blood. 16 Studies have shown that the duration of surgery affects the incidence of postoperative thromboembolism, regardless of the type of anesthesia. 16, 17 On the other hand, it has also been found that operative time was not associated with increased VTE risk. 12 The results of our study seem to support the finding that prolonged anesthesia time contributes to postoperative VTE risk. This finding is particularly true in patients with UC. Subgroup analyses revealed that UC patients undergoing surgery were more likely to undergo lengthier surgeries in comparison with patients with CD (mean operative time, 211 vs 158 minutes, p < 0.001). However, in patients with CD, the incidence of VTE remains highest in those undergoing prolonged anesthesia (55.8% if anesthesia time >231 minutes vs 36.9%, p = 0.001).It follows that anesthesia adjuncts, such as additional venous access, should be placed before induction and that operating room efficiency should not be underestimated.
Prevention
Because VTE is often clinically silent and may be rapidly fatal, prophylaxis is mandatory. Clinical practice guidelines now recommend pharmacological prophylaxis for hospitalized IBD patients. 18 However, there is no consensus for a standardized agent or approach to anticoagulation, and guidelines detailing variation in method or duration of prophylaxis among subtypes of patients (eg, UC vs CD, inpatient vs outpatient, active disease vs inactive phase), surgical procedures, or length of hospitalization do not exist. The current American College of Chest Physician guidelines recommend pharmacological VTE prophylaxis with low-molecular-weight heparin (LMWH) or unfractionated heparin (UFH) for inpatients with multiple risk factors for thrombotic complications and for those undergoing moderate-to major-risk surgical procedures, such as those in our cohort. 18 Two notable studies have compared the efficacy and safety of short-term thromboprophylaxis with LMWH enoxaparin vs UFH in patients undergoing colorectal surgery. The first, the Canadian Colorectal DVT Prophylaxis Trial, 19 a multicenter, randomized, double-blind study, found that daily enoxaparin (40 mg SC daily) was as effective as UFH (5000 units SC every 8 hours) in preventing postoperative VTE, with a rate of ≤2.8% with either agent. Despite these results, at the time of this trial, UFH was less expensive and thus remained the preferred agent for prophylaxis. These findings were echoed by a second multicenter, randomized, double-blind trial, the ENOXACAN study, 20 which compared the efficacy of enoxaparin vs UFH at the same doses as the Canadian Trial, but in 1115 patients undergoing elective curative surgery for abdominal or pelvic cancer. 20 Of the ENOXA-CAN population, 660 were patients undergoing colorectal surgery, for whom enoxaparin was found to be at least as effective as UFH for VTE prophylaxis (with similar rates of 16.6% vs 18.8%).
Following these 2 trials, the ENOXACAN-II study, 21 which extended VTE chemoprophylaxis to 4 weeks, demonstrated a significant reduction in VTE for up to 3 months after surgery among patients in the treatment arm in comparison with the placebo group (12% vs 4.8%). These findings highlight the need for additional research, such as a cost-effectiveness analyses if not multicenter randomized trials, to investigate the potential benefit of prolonged prophylaxis in our high-risk population.
Limitations
Our study has several important limitations. First, because of the retrospective nature of our analysis, we are only able to assess association, and not causation, between the identified preoperative risk factors and thrombotic complications. Second, VTE prophylaxis measures, such as prophylactic anticoagulation, sequential compression device use, or inferior vena cava filter placement, are not recorded in ACS NSQIP and may vary across institutions and individual surgeons. However, we did confirm that there was no significant difference in the incidence of VTE among this cohort of patients following the implementation of Surgical Care Improvement Project VTE Guidelines in 2007, indicating that it is statistically sound to combine all study years, and to assume that any changes in prophylaxis resulting from Surgical Care Improvement Project recommendations did not impact our results. Third, the ACS NSQIP database does not record data to indicate how many patients underwent testing for VTE, nor whether or not those VTEs recorded were found by screening examination or were the result of diagnostic workup because of the symptoms of DVT or PE. However, previous work has shown that rates of VTE in the NSQIP most closely mirror rates among symptomatic populations. 22 Fourth, details pertaining to duration and dosing of steroid therapy for patients classified as taking chronic steroids are not available in ACS NSQIP, nor are other measures to indicate potential disease severity. Last, anatomic features of DVTs (upper vs lower extremity) or the presence of indwelling catheters, remain unknown, which may confound these results. Despite these limitations, our results demonstrate important associations that may be used to develop prospective cohort studies designed to validate risk of VTE in patients with IBD who are undergoing surgery.
CONCLUSIONS
Patients with IBD are at increased risk for postoperative VTE and associated worse postoperative outcomes. These patients often bring a disease-induced hypercoagulable state to the operating table, exacerbated by features such as chronic steroid use, malnutrition, and a suboptimal hematocrit level. Intraoperatively and postoperatively, additional risks accumulate, ranging from prolonged anesthesia time to lengthy pelvic procedures to immobility. Actions to potentially reduce the incidence of VTE in this at-risk population include correcting preoperative coagulopathy and/or anemia, improving nutritional status, reducing steroid use, operating early to avoid emergency surgery, and limiting anesthesia time. Additional study of these potentially modifiable risk factors is warranted to assess intervention strategies, and decision analysis is needed to determine whether prolonged postdischarge chemoprophylaxis with UFH or LMWH is a cost-effective strategy in this at-risk patient population.
